The bacterial replisome, a molecular machine originally thought to be solely dedicated to the efficient duplication of the prokaryotic genome, is now known to harbor many protein subunits that are intimately involved in the maintenance of genome organization and integrity. Indeed, the replisome is proving to be a scaffold that integrates DNA replication with processes such as DNA recombination, DNA repair, segregation of newly replicated DNA into dividing daughter cells, and cell-cycle progression. A protein that plays a pivotal role in integrating these processes within the replisome is the sliding β clamp, a replication processivity factor. The β clamp acts as a binding platform for the replicative polymerase Pol III and a diverse range of other proteins, including those involved in DNA repair and replication initiation (see Kongsuwan et al., 2006) . In this issue of Cell, Parks et al. (2009) show that the β clamp has yet another function in DNA metabolism-it can be co-opted to target the bacterial Tn7 transposon, a mobile DNA element, to replicating DNA. The authors demonstrate that a direct interaction between the β clamp and a transposition protein called TnsE allows Tn7 to insert into DNA at replication forks.
Transposition of Tn7 (Craig, 2002 ) is regulated by a complex series of proteinprotein and protein-DNA interactions. The transposon encodes five proteinsTnsA, B, C, D, and E-required for transposition. Unlike most other transposons, the Tn7 transposase is composed of two proteins (TnsA and TnsB) that each catalyze the cleavage of one DNA strand at both ends of the transposon in the donor DNA molecule to liberate the mobile DNA element (Figure 1 ). TnsC, a DNA-dependent ATPase, helps to recruit the target DNA and forms a crucial bridge between the donor and target sites of transposition. Remarkably, Tn7 has multiple transposition targeting pathways whose choice is determined by the specificity factors TnsD and TnsE (Figure 1 ). In the TnsABC+D pathway, TnsD recognizes a sequence in the glmS gene (highly conserved in many bacteria) and directs Tn7 insertion into an upstream extragenic site, thereby preserving the integrity of the glmS coding sequence and providing a safe haven for the transposon. In the alternative TnsABC+E pathway, Tn7 insertion occurs preferentially (and largely in one orientation) into plasmids during their replicative transfer between bacteria (conjugation), thus promoting transposon proliferation between different bacterial species. This targeting preference is a consequence of a specialized mechanism of plasmid DNA replication (rolling circle replication) that occurs during conjugation. TnsE recognizes characteristics of the rolling circle replication that occurs on the discontinuous or lagging DNA strand (a particularly prevalent feature of conjugative replication) and preferentially binds to DNA structures with recessed 3′ ends (Peters and Craig, 2001a) . The TnsABC+E alternative transposition pathway also directs Tn7 insertion into replication termination regions and DNA breaks (Craig, 2002) . Interestingly, a TnsC mutant protein called C* eliminates the need for specificity factors and results in random Tn7 insertion in vivo and in vitro.
To investigate the mechanism that allows Tn7 to target replicating DNA for insertion, Parks et al. compared TnsE proteins from a number of Tn7 family transposons and identified a conserved motif resembling consensus sequences that are implicated in mediating β clamp binding (Wijffels et al., 2004 The sliding β clamp subunit of the DNA replication machinery in the bacterium Escherichia coli coordinates multiple functions in the cell beyond genome duplication. In this issue, Parks et al. (2009) find that the β clamp interacts with the transposition protein TnsE to target the Tn7 transposon to discontinuously replicating DNA at the replication fork.
analysis, protein mobility shift, and far-western, all point to a direct interaction between TnsE and the β clamp. Disruption of the putative β clamp binding motif in TnsE (by replacing single amino acids with alanines) weakens the interaction between the two proteins, supporting the idea that the motif mediates binding between TnsE and the β clamp. These single-site TnsE mutant proteins also reduce transposition activity through the TnsABC+E pathway in vivo. Moreover, artificially increasing β clamp expression moderately increases TnsE-but not TnsD-mediated transposition. Interestingly, in vitro analysis of binding affinity by surface plasmon resonance shows that TnsE binds to the β clamp with much lower affinity than that exhibited by another β clamp binding partner, the clamp loader subunit δ.
The authors also create a system to reconstitute TnsEmediated transposition in vitro using a target plasmid with or without a 20 nucleotide single-stranded gap. Using this system, they show that unlike the TnsABC* pathway, the TnsABC+E pathway requires a single-stranded gap in the target plasmid and a hyperactive TnsE mutant protein for transposition. The resulting transposon insertions occur at random sites. Although there is no obvious increase in the transposition efficiency through the TnsABC+E pathway when the gap-containing target plasmid is preloaded with the β clamp, the resulting transposon insertions show a dramatically different profile: 80% insert in the same orientation, and 40% insert at 66 bp from the 3′ end of the gap. Because Tn7 is a double-stranded transposon, insertion requires transfer of both strands into the target DNA. This type of insertion profile implies that interaction of TnsE with the β clamp orients the transpososome (Figure 1) . Furthermore, it suggests that the insertion of Tn7 into extant replication forks may occur optimally in double-stranded DNA at 66 bp from the 3′ end of an Okazaki fragment targeted by the β clamp, presumably because of constraints in the replisome architecture. Parks et al. also propose that TnsE overexpression might interfere with fork progression by competing with other proteins for the β clamp. Persistently blocked replication forks are known to result in the induction of the SOS DNA damage stress response. Parks and colleagues observe that TnsE can indeed induce the SOS response, albeit only when it is very highly overexpressed. This effect of TnsE overexpression is reduced by point mutations in the putative β clamp recognition motif of TnsE.
Tn7 is indeed proving to be much "smarter than we thought" (Peters and Craig, 2001b) , but how smart are other transposons? Although Tn7 has a complex system for transposition, other simpler transposons may also have adopted a strategy of specific interactions with components of the DNA replication apparatus. For example, similar to Tn7, the mobile insertion sequence IS903 shows a strong orientation bias in a conjugative plasmid target (Hu and Derbyshire, 1998) . Another potential candidate is a newly identified type of transposable element that uses single-stranded intermediates for both excision and integration (Guynet et al., 2008) . As one source of singlestranded DNA is the laggingstrand template during DNA replication, it seems possible that these mobile elements too might target replication forks, perhaps using a similar mechanism as Tn7 (although they clearly use a different mechanism for integration). Interestingly, several other mobile DNA elements, including IS1 and Tn10, also can induce the SOS response (Lane et al., 1994; Haniford et al., 1989) . This had been interpreted as reflecting adventitious DNA cleavage by the transposase, but in light of the findings of Parks et al. regarding Tn7, the possibility that this response may result from persistent replication fork arrest due to transposition should be revisited.
It has often been argued that the transposition activity of mobile genetic elements must be tightly regulated because of their potential for damaging the host genome. Indeed, transposons have provided many examples of shrewd regulatory mechanisms. The choice of target sites for insertion is another example. By linking transposition to replication fork progression, Parks et al. now introduce an excit- The Tn7 transposon is flanked by left (L) and right (R) DNA sequences (red) that carry multiple binding sites for the TnsB endonuclease. Each end carries a different pattern of TnsB binding sites, reflecting poorly understood functional differences between the two regions. In the TnsABC+D pathway of transposition, Tn7 is targeted to a region upstream of the glmS gene. The final transpososome is a nucleoprotein complex that includes L and R, the glmS target DNA sequence attTn7, the bimolecular transposase TnsA and TnsB, the ATPase TnsC, and the specificity factor TnsD. The coordinates indicate the upstream (−) or downstream (+) distances from the site of Tn7 insertion. In the TnsABC+E pathway of transposition, Tn7 is directed to the lagging strand of newly synthesized DNA at the replication fork. In E. coli, replisome proteins at the replication fork include the DnaB helicase, the lagging-strand primase DnaG, the catalytic replicase subunit DnaE, the clamp loader complex, and the β clamp. Parks et al. (2009) now show that TnsE interacts directly with the β clamp to enable transposon insertion at the lagging strand, possibly at the 3′ end of the Okazaki fragment.
ing new angle to transposon regulation. The relatively low TnsE binding affinity for the β clamp suggests that it has evolved to use the replication factor but not to appropriate it entirely at the expense of other β clamp binding partners and functions. In the wake of the new findings of Parks et al., it is now important to determine how such interactions between transposon proteins and the replication machinery occur, how they are temporally integrated into DNA replication and other processes coordinated by the β clamp, and whether other host proteins are also required.
